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Abstract: Researchers have proposed many multidimensional frameworks to identify significant and
potential factors, e.g., educational background, positive feelings and career aspirations, that impact
English learning attitude in second language acquisition. Yet, there is still very little research to
graphically describe the interactions between these factors and how these factors directly or indirectly
impact learning attitude. To this end, a questionnaire survey was conducted in Changchun University
of Technology. Statistical measures and Bayesian network analysis were introduced to quantitatively
and qualitatively analyze the collected data. Furthermore, the significant attitudinal differences
between students majoring in the Liberal Arts or Sciences were investigated for the case study.
Studying the interaction between these factors can help explain how they positively affect students’
attitudes toward English language learning. To stimulate interest, teachers may take targeted
pedagogical approaches or strategies.
Keywords: quantitative and qualitative study; Bayesian network; interactions between deciding
factors; English learning attitude
1. Introduction
In China, most primary school students begin to learn English as a foreign language (EFL) in the
first grade. English is a compulsory course for Chinese undergraduate students. However, the online
survey report on English education in China [1], which was conducted by the 21st Century Education
Research Institute in Beijing, showed that children who were interested in English accounted for only
10.62% of the total. Besides an intellectual interest in language skills, achievement in a target language
depends primarily on psychological factors. In the case of many people, the learner’ attitudes towards
the target language (L2) and the target community (L2 speakers), such as feelings, beliefs, likes, dislikes,
needs, are viewed as psychological construct and impact on L2 learner success in L2 acquisition [2–4].
A large number of studies on language attitudes have been conducted over the past 50 years
because of the growing relation between the importance of language use and the nature of
individuals, such as students’ attitude toward different teaching strategies [5–12], students’ attitude
towards reading [13,14], writing [15] and Utilization of iPad [16], relationship between attitudes
and motivation [17,18]. In his great work “Principles of Language Learning and Teaching”, Brown
(1994) [19] stated that “attitudes are the result of parents’ and peers’ attitudes, contact with people
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who are different in any number of ways, and interacting affective factors in the human experience”.
It seems obvious that, in many cases, there are many factors, including social and psychological
factors, educational background, positive feelings and career aspirations, that lead to a positive or
negative attitude towards the target language. Pienemann and Johnston (1987) [20] came up with a
distinction between factors which are “external” and “internal” to the learner. External factors are
variables ranging from social environment, and biological factors such as age. Internal factors are
described as aspects of the learner’s cognitive and linguistic capacities and the mental structures which
determine these capacities. Spolsky (1989) [21] refers to four groups of factors (Kp, A, M, O) as necessary
conditions for any effective second language learning. “A” factors represent various components of
ability including physiological, biological, intellectual and cognitive skills, “Kp” factors represent
existing knowledge of the learner, “M” factors represent affective factors including attitudes and
motivation, and “O” factors represent opportunity for learning the language. Eshghinejad (2016) [22]
stated that attitude concept can be viewed from three dimensions regarding aspects of it, i.e., behavioral,
cognitive, and emotional. Each one of these dimensions has different features to bring out language
attitude results. The behavioral factors deal with the way one behaves and reacts in particular situations.
Cognitive factors involve the beliefs of the learners about the knowledge that they receive and their
understanding of the learning process. Emotional factors help teacher and students engage in various
emotional activities.
Over the past years, statistical analysis on language attitude has been widely employed from
different perspectives and with various dimensions. In terms of behavioral aspect of attitude, Kara
(2009) [23] processed the data obtained from 150 participants with SPSS, conducted samples t-tests,
independents samples t-tests and correlation tests. The results suggested that positive attitude leads
to the exhibition of positive behavior toward studying. Cognitive aspect of attitude responds to the
learners’ beliefs in knowledge and understanding during language learning. Eshghinejad (2016) [22]
randomly selected 30 male and female freshman EFL students in the State University of Kashan and
asked them to answer to the questionnaires. A t-test was applied to analyze the possible significance
of the observed differences between male and female learners. Most of the respondents said that they
enjoy learning English, not just for passing their exams. All respondents agreed that more knowledge
and understanding are possible with learning English. With respect to the emotional aspect of attitude,
Yasuhiro (2010) [24] collected the data taken from the fifth meeting of one group consisting of three
female students for case study. He stated that “emotions do not merely facilitate, filter, or hinder an
individual’s inner cognitive functioning; rather, they can in any forms mediate development”.
With the rapid development of data mining, many people hope to acquire knowledge
(besides statistical data) from mathematical models in terms of inference considerations, complexity
considerations and visualization. These models can help extract information from data and transform
the information into a comprehensible structure for further analysis. Regression analysis provides a
statistical tool for evaluating the relationships among variables. Most commonly, regression analysis
estimates the conditional expectation of the dependent variable given the independent variables,
that is, the average value of the dependent variable when the independent variables are fixed.
Yu (2014) [25] proposed to build multiple linear regression model with the influencing factors of English
reading ability based on the sample data. Katalin et al. (2016) [26] used linear regression model to
identify explanatory variables (educational funding rates and the number of students learning English
language) which influence and mostly determine the quality of public education. However, regression
analysis can deal with continuous variables rather than discrete variables. Bayesian Networks (BNs) are
popular graphical model for encoding probabilistic relationships among a set of variables. They have
been shown to be remarkably effective for data-modeling problems in different research domains,
including medicine [27,28], business [29,30] and education [31,32], etc. This study contributes to an
understanding of English learning and teaching and adds to the growing body of studies on the spread
of English. The study is led by the following research questions:
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(1) Is there a significant difference among the students’ attitudes towards English learning in terms
of major?
(2) Which factors may have positive/negative impact on students’ attitudes and how do these factors
directly or indirectly work?
The primary aim of the qualitative and quantitative study lies in its attempt to identify the
interaction between different factors which might be associated with the English learning attitude
of second language students. This study should be of interest to a number of researchers focusing
on English as a foreign language for learners, English education policies and curriculum makers.
By providing insights into attitudes of English learners and their purposes for learning English, this
study can help teachers understand why their attitudes toward learning English vary so greatly and
take a targeted pedagogical approach. In this paper, we collect some base data of deciding factors
through questionnaires, calculate statistical data such as mean value and mutual information, and then
apply one of the state-of-the-art BNs, which is the so-called tree augmented naive Bayes (TAN) [33],
to describe the interactions among these factors. After that, we report the main findings, which reveal
the existing problems of EFL students in China, and we advocate for feasible pedagogical strategies to
improve students’ attitudes and enhance their learning aspiration. Finally, we briefly discuss the value
and significance of quantitative and qualitative analysis for English learning.
2. Material and Methods
2.1. Design
One attitude questionnaire, shown in Table 1, was the only instrument used to collect the data.
The questionnaire was adopted from the Attitude Questionnaire employed by Eshghinejad (2016) [22].
This paper analyzes English learning attitudes from a multiple interdisciplinary perspective by taking
into consideration background characteristic factors (that are gained by an organism after birth, e.g., age
or gender), behavioral factors (that deal with the way one behaves and reacts in particular situations,
e.g., personality or interpersonal relationship), cognitive factors (that involve the beliefs of the learners
about the knowledge that they receive and their understanding of the learning process), emotional
factors (that help people engage in emotional activities, e.g., enjoyment and importance) and future
expectation factors (that are related to future plan, e.g., higher education) as attributes for BN analysis.
The questionnaire consisted of 12 items (from Q1 to Q12) and 1 self-evaluation attitude towards
English language learning. The first three items, from Q1 to Q3, are about the students’ background
characteristics, including grade, gender and major. Items Q4–Q5, Q6–Q8 and Q9–Q10 obtain
participants’ feelings in terms of behavioral, cognitive and emotional aspects toward English language
learning. Items Q11 and Q12 elicit participants’ feelings in terms of future expectation including career
aspirations and education aspirations. The questionnaire divided attitudes into three groups: positive,
negative and neutral.
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Table 1. Detail of the questionnaire.
No Items Possible Answers Symbol
Q1 Grade {1, 2, 3, 4} X1
Q2 Gender {Male, Female} X2
Q3 Major {Liberal Arts, Science} X3
Q4
Studying English helps improve my
personality, or personality for short {1, 2, 3} X4
Q5
Studying English helps maintain good
interpersonal relationship, or relationship
for short
{1, 2, 3} X5
Q6
Studying English helps gain knowledge
and understand cultural differences, or
knowledge for short
{1, 2, 3} X6
Q7
Studying English helps create new
thoughts, or thoughts for short {1, 2, 3} X7
Q8
Frankly, I study English just to pass the
exams, or exams for short {1, 2, 3} X8
Q9
Studying English is enjoyable, or
enjoyment for short {1, 2, 3} X9
Q10
English is important in my life, or
importance for short {1, 2, 3} X10
Q11
I plan to work for transnational or foreign
corporations, or corporations for short {1, 2, 3} X11
Q12
I plan to apply for Master or PhD degree, or
degree for short {1, 2, 3} X12
Attitude {Negative or N, Neutralor O, Positive or P} Y
2.2. Procedure for Data Collection
In September 2017, 136 questionnaires were sent to undergraduate EFL students from different
colleges in the library of Changchun University of Technology to assess their English learning attitudes.
The questionnaire didn’t contain any privacy-sensitive personal information, such as name, phone
number or address. For ethical considerations, the purpose and details of the experiment were
explained to the participants by oral explanation and each participant gave informed oral consent.
All the items in the questionnaire were required to be answered and returned in twenty minutes.
Among the collected questionnaires, ten were invalid because of missing answers and the valid return
rate was 92.6%. The results of the questionnaires for students majoring in the Liberal Arts (L-student)
and students majoring in Science (S-student), which are, respectively, shown in Tables A1 and A2
(see Appendix A), were used for the main study. Then, the items were processed by using SPSS
software to estimate the average value, the probability and conditional probability distributions of
these factors. Finally, we computed the conditional mutual information for each factor pair and build
TAN for further analysis. More specially, the mutual information between different factor and attitude
was applied to analyze the possible significance of the observed differences between students majoring
in Liberal art and those in Science in terms of emotional, behavioral, and cognitive aspects.
2.3. Demographical Information of the Participants
In this study, the sampling procedure made effort to achieve roughly equal proportions of
questionnaires from each type of major (Liberal Arts or Science). Among all the participant who gave
the valid questionnaires, 64 were L-students and 62 were S-students. In terms of gender, 80 were
female and 46 were male. About 35.7% of students showed positive attitude and 31.7% of students
showed negative attitude towards English learning. Their ages ranged between 18 and 20 with an
average of 19. Among them, 21 (16.7%) students were freshman, 41 (32.5%) students were sophomore,
41 (32.5%) students were junior, 23 (18.3%) students were senior (see Figure 1).








Figure 1. Grade distribution of students.
2.4. Statistical Method
Bayesian networks (BNs) are powerful tools for reasoning under conditions of uncertainty [33,34].
A BN, B, consists of two parts, which can be described as B =< G, Θ >. The network structure G is a
directed acyclic graph (DAG). Nodes in G represent the attributes Xi(1 ≤ i ≤ n) or class variable Y, and
arcs denote the probability dependencies between different nodes. (In the following discussion, capital
letters ( for example, Xi) is used to represent attribute names and the corresponding lowercase letters
(for example, xi) represents the values taken by those attributes.) Parameter Θ quantitatively describes
the conditional dependencies and contains the conditional probability distribution for each node.
By applying Kruskal’s algorithm [35], the basic structure of TAN is a maximum weighted spanning
tree with n− 1 arcs, where the weight of an arc Xi − Xj is measured by conditional mutual information
I(Xi; Xj|Y) as follows [36],










In TAN, each attribute Xi is supposed to be directly related to class variable Y. In this paper,
the weight of an arc Xi −Y is measured by mutual information I(Xi; Y) as follows [36],








The procedure of building TAN is depicted in Algorithm 1 below.
Algorithm 1 TAN.
Input: Traning set D with n attributes (X1, · · · , Xn) and the class variable Y.
Output: TAN model.
1. Compute the conditional probability tables by using counts from D.
2. For each pair of attributes Xi and Xj, compute I(Xi; Xj|Y)(i 6= j).
3. Build the maximum weight spanning tree.
4. Transform the resulting undirected tree to a directed one by randomly choosing an attribute as
root node and setting the direction of all arcs to be outward from it.
In the following study, each questionnaire corresponds to a training instance, question items in
questionnaire correspond to the nodes, and the learning attitude corresponds to the class variable in
TAN, respectively.
3. Results
By collecting data through questionnaires, these quantitative measures, e.g., mutual information
and conditional mutual information, can measure the extent to which factors independently or jointly
impact attitude toward English language learning for EFL students. By using BN to analyze the
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relationship between the different factors or items, the network structure can qualitatively clarify how
these factors interact, and then help teachers develop target strategies to enhance students’ learning
aspirations. The integration of qualitative and quantitative analysis can help acquire a multi-dimension
picture of students’ cognition, behavior and emotion relevant to learning attitude.
The quest to identify significant and potential factors leading to success or failure in learning
a language has been an important part of research in second language acquisition [37,38]. Because
there are many potential factors, in this paper we come up with a distinction between factors which
are “external” and “internal” to the learner. External factors include educational background and
biological characteristic, such as grade, major and gender. Internal factors are described in terms of the
learner’s feelings or conceptions, such as behavioral factors, cognitive factors, emotional factors and
future expectation factors.
Statistical data of all the items were collected to examine which factors affected the attitude of
EFL students and how these factors interacted. Statistical correlation analyses can be performed by
using TAN to identify the internal dependency relationships between the perceived factors in learning
English for EFL students. In TAN, nodes {X1, · · · , X12} correspond to items {Q1, · · · , Q12} in Table 1,
Y corresponds to English learning attitude and arc Xi − Xj represents the interaction between Xi and
Xj. Mutual information (MI) I(Xi; Y) was applied to measure the impact of deciding factor Xi on
attitude Y. Conditional mutual information (CMI) I(Xi; Xj|Y) was applied to measure the weight of
interaction between factors Xi and Xj. Because of the symmetry of definition of CMI, the directed
arcs Xi → Xj and Xj ← Xi in TAN denoted the same interaction between Xi and Xj. The MI and
CMI values of internal factors (such as behavioral factors, cognitive factors, or emotional factors) were
applied for quantitative analysis. The topology of TAN corresponding to CMI matrix was applied for
qualitative analysis.
3.1. Statistical Analysis for All Students and Discussion
First of all, we analyzed 126 questionnaires and provided an overall analysis of the deciding
factors on the EFL students’ attitude toward English language learning. The details of MI and mean
values of each deciding factor are shown in Figure 2, which reflect how all the factors independently
impact students’ attitudes. The higher the value of MI is, the more strongly corresponding factors
impact the English learning attitude of the sample students. Because the mean values of external
factors, e.g., gender, are meaningless, they are not included in Figure 2.
By comparing the statistical results of MI from Figure 2 we can see that, among all the external
factors, X1 (Grade) achieved the highest MI value and thus it was more relevant to attitude than
the other two factors. This phenomenon may be explained by the fact that a general English course
in Chinese universities is compulsory only for freshman and sophomore. Juniors and seniors may
focus on other courses to facilitate the development of their other abilities for future work or study.
For example, the freshman majoring in computer science must take ten compulsory courses whereas no
compulsory courses are required for seniors. Thus seniors have more free time to choose any courses
they like. Among all of the internal factors, X10 (importance) achieved the highest MI value (0.2806) and
mean value (2.0635). Over 31.1% of the participants recognized the importance of English. The majority
of them (over 67.8%) showed positive attitude to English language learning. Thus, emotional factor
played an important role in eliciting the positive attitude toward English language learning. On the
other hand, the first and the most important function of language is communication. Students need to
be aware of the various social contexts and the appropriate language to use in various social situations.
This helps to round out their English language knowledge. However, based on the low MI and mean
values of X5 (relationship), self-directed learning needs to improve. Among all the internal factors
X8 (exams) achieved the second highest mean value (1.9048) only after X10 (importance) (2.0635).
That means many students learned English not for its importance and knowledge, but mainly for
passing exams. 50.8% of the participants disagreed and only 11.1% agreed that studying English was
interesting and made them feel good. This can help clarify students’ ambivalence about reluctant
Information 2019, 10, 166 7 of 17
English learning in the present compulsory English education system. English is very important for
people who attend international conferences, write academic papers, and communicate with English
native speakers. However, since undergraduate students have less chance to participate in these
activities, their learning motives are weak. Although they do understand the importance of learning
English, their learning motives are not strong enough. The MI value of X12 (degree) is much higher
than that of X11 (corporations). That means education aspiration plays a more important role than
career aspiration. The main reason may be that students must pass the entrance examination of
English to apply for a Masters or PhD degree. In preparation for exams, students make substantial
and continuous effort on vocabulary, collocation, pragmatics, semantics, syntax and phonology, all of
which will help them achieve a high score on an entrance exam; these students show a more positive
attitude toward English language learning. In contrast, although students put considerable effort into
preparing for an interview, the chance of working in transnational or foreign corporations is very small.






X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 X12
The MI value
The mean value
Figure 2. The MI and mean values of each deciding factor for all students.
The lower triangular matrix of CMI for deciding factors to English learning attitude is shown
in Table 2, in which cell [i; j] contains the value of CMI between the item on row i and the item on
column j. The topology of TAN is shown in Figure 3. The CMIs that correspond to the significant arcs
or interactions in Figure 3 are highlighted in Table 2.
Since these factors interact with each other and may impact indirectly learning attitude, the
interaction will provide further information for analysis. In Figure 3, arcs X6 (knowledge)-X7 (thought),
X9 (enjoyment)-X10 (importance), and X12 (degree)-X11 (corporations) demonstrate that the cognitive
factors are closely related with each other, and so do emotional factors and future expectation
factors. Arcs X4 (personality)-X9 (enjoyment)-X5 (relationship) show that, behavioral factors, e.g., X4
(personality) and X5 (relationship), are also indirectly related via X9 (enjoyment), and emotional factor
X9 (enjoyment) affected X4 (personality) and X5 (relationship) greatly. From Table 3, the mean value
of X9 (enjoyment) is only 1.6032, relatively low. Thus, it shows students’ unpleasant feelings toward
English language learning. Moreover, arcs X9 (enjoyment)-X4 (personality) and X9 (enjoyment)-X5
(relationship) demonstrate that the unpleasant feeling of learning English made students feel depressed
in developing personality and interpersonal relationships. The arc X8 (exams)-X9 (enjoyment) indicates
that the experience in the English classroom affects the learning bias. The mean value of X8 (exams)
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is the second highest after X10 (importance). For students with unpleasant feelings toward English
language learning, the students with the aim of passing exam are over double the students without
it. Note that in Figure 3, X9 (enjoyment) is closely related to the largest number of factors. The result
suggests that, although X9 (enjoyment) does not have a deciding impact on the attitude toward English
language learning, it directly or indirectly affects most factors. How to make the learning procedure
interesting and enjoyable is the key issue. To further analyze whether these factors interact differently
for students in different majors, in the following discussion we divided the data into two groups in
terms of major.
Table 2. The CMI matrix of deciding factors to attitude toward English language learning.
I(Xi; Xj|Y) X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 X12
X1 0.0000
X2 0.0976 0.0000
X3 0.2504 0.0088 0.0000
X4 0.1993 0.0413 0.0785 0.0000
X5 0.1008 0.0364 0.0164 0.1282 0.0000
X6 0.1535 0.0907 0.0434 0.2486 0.1161 0.0000
X7 0.1670 0.0682 0.0525 0.1640 0.1509 0.6861 0.0000
X8 0.1208 0.0162 0.1489 0.2373 0.1192 0.2305 0.2326 0.0000
X9 0.2533 0.0351 0.1625 0.2866 0.2426 0.2476 0.2339 0.2905 0.0000
X10 0.1554 0.0390 0.1567 0.1842 0.1994 0.3770 0.3118 0.2358 0.2930 0.0000
X11 0.1600 0.0294 0.1780 0.0809 0.0255 0.0404 0.0534 0.1190 0.1103 0.0726 0.0000









Figure 3. The topology of TAN corresponding to the CMI matrix shown in Table 2.
3.2. Statistical Analysis for L-Students and Discussion
By comparing the statistical results of MI in Figure 4, X1 (Grade) still achieved the highest MI
value among the external factors. Among all internal factors, X6 (knowledge) and X7 (thoughts)
achieved relatively high MI values and mean values, thus these two factors were more important with
regards to attitude. L-students opted to improving their knowledge acquisition. 28.1% of them agreed
and 9.5% disagreed to having knowledge and understanding when studying English. 29.7% of them
agreed and 6.3% of them disagreed that studying English helped create new thoughts. It seemed that
English language learning broadened the L-students’ horizons with diversity, specialized knowledge,
and new insights; it seemed to be an incentive to create new ideas. In China, many university libraries
cannot offer various contemporary English books due to their limited funds. For undergraduate
students, following their English content interests is difficult when there are only old books to be
borrowed from the library. With the development of the Internet and the wide use of information
technology in teaching, college teachers may recommend more listening and reading materials, such
as online English newspapers or programs.







X1 X2 X4 X5 X6 X7 X8 X9 X10 X11 X12
The MI value
The mean value
Figure 4. The MI and mean values of each deciding factor for L-students.
In contrast, X4 (personality) and X5 (relationship) achieved relatively small MI values and mean
values, indicating that behavioral factors are less important toward attitude; moreover, learning
English does not help improve their personality or interpersonal skills. In China, the exam result
is the only performance evaluation criterion for students. Thus students often focus on language
points, which are focal points for the final exam, while ignoring the information or ideas conveyed
by articles. For example, the reading comprehension part of Band Four in the College English Test
requires that, from a list of choices the students choose the words that best fit the blanks in the given
passage. The unpleasant learning experience causes students to lose the interest and enthusiasm in
acquiring the target language to communicate with others, and it leads them to focus mostly on the
grammatical components of English.
The CMI matrix for L-students is shown in Table 3 and the corresponding topology of TAN is
shown in Figure 5. In Figure 5, the arc X7 (thought)-X6 (knowledge)-X4 (personality) demonstrates that
X6 directly and X7 (thought) indirectly impacted X4 (personality). Thus it is X6 (knowledge) and X7
(thought) that can help improve students’ personality. Classics, famous biographies, or spoken English
should be implemented instead of grammar books as a means of improving students’ personality
during English language learning. The arc X8 (exams) -X9 (enjoyment) and the low mean value of X9
(enjoyment) also prove the hypothesis that, students pay too much attention to vocabulary, grammar
and syntax. The English teaching is geared towards teaching students to pass exams and just like a
cram-and-memorize racket to some extent. Usually the student’s priority is to obtain shallow recall to
achieve high score, rather than to enjoy the beauty of language and rich culture of foreign countries.
Students are required to memorize grammar rules and word lists in preparation for upcoming exams,
especially just before they are due. For example, to pass Band Four and Six in the College English
Test, students are required to memorize 4500 and 6000 words respectively. They feel boring and
burdensome during learning. Among the students who disagreed that learning English was enjoyable,
the percentage of students with the aim of passing the exam (31.3%) was double the percentage of
students without that goal (15.6%). The mean value of X10 (importance) was the second highest only
after that of X8 (exams). From arc X10 (importance)-X5 (relationship) in Figure 5, the emotional factor
of students, i.e., X10 (importance) was greatly affected by the relationship with friends (X5). Among the
students who disagreed that English language learning was helpful in maintaining good relationships
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with friends, no students agreed on the importance of English. The negative feelings are transferred
from behavior factors to emotional factors. The lack of communication may be the main reason why
the behavioral factors and emotional factors vary greatly for L-students. The interactive teaching
model may help students experience future working and studying scenarios. The English classroom
needs more group work that can help students of varying English levels work together to support each
other, which will benefit them greatly. This result also proves the necessity of collaborative learning
and cooperative grouping for L-students.
Table 3. The CMI matrix of deciding factors to learning attitude of L-students.
I(Xi; Xj|Y) X1 X2 X4 X5 X6 X7 X8 X9 X10 X11 X12
X1 0.0000
X2 0.1699 0.0000
X4 0.0528 0.0148 0.0000
X5 0.0493 0.0286 0.0675 0.0000
X6 0.1564 0.0489 0.2595 0.2178 0.0000
X7 0.1755 0.0536 0.2224 0.2242 0.7620 0.0000
X8 0.1199 0.0341 0.1761 0.1989 0.2807 0.3200 0.0000
X9 0.0622 0.0256 0.1090 0.3126 0.3641 0.2462 0.4067 0.0000
X10 0.2663 0.0721 0.1959 0.3656 0.4527 0.4874 0.2907 0.2766 0.0000
X11 0.0765 0.0106 0.0082 0.0332 0.0561 0.0840 0.0683 0.0551 0.1262 0.0000
X12 0.1298 0.0430 0.1235 0.0794 0.1529 0.3251 0.2204 0.2532 0.1681 0.4829 0.0000
Y




X9 X8 X12 X11
Figure 5. The topology of TAN corresponding to the CMI matrix shown in Table 3.
3.3. Statistical Analysis for S-Students and Discussion
By comparing the statistical results of MI and mean values in Figure 6 we can see that, for
S-students X12 (degree) achieved the highest MI and mean values. Among all the S-students, 54.8%
of them wanted to apply for a Master or PhD degree. Educational aspiration inspired students’
positive attitudes toward English language learning. Emotional factors, i.e., X9 (enjoyment) and X10
(importance), achieved higher MI values than the cognitive factors (X6 (knowledge), X7 (thoughts),
X8 (exams)), and even higher than that of behavioral factors (X4 (personality), X5 (relationship)).
The mean value of X10 (importance) was the highest among internal factors except future expectation
factors, 30.6% of students recognized the importance of English and 20.9% of students disagreed.
The positive value of X9 ( enjoyment) for S-students was 11.3 percent higher than that for L-students.
Thus, as far as the emotions are concerned, more S-students agreed that studying English was enjoyable
and interesting for them. Among the internal factors, the behavioral factors achieved the lowest MI
values and relatively low mean values on average. Thus, for S-students, the impact of personality or
interpersonal relationship on attitude toward English language learning was weak.
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Figure 6. The MI and mean values of each deciding factor for S-students.
The CMI matrix for S-students is shown in Table 4 and the corresponding topology of TAN is
shown in Figure 7.
Table 4. The CMI matrix of deciding factors to learning attitude of S-students.
I(Xi; Xj|Y) X1 X2 X4 X5 X6 X7 X8 X9 X10 X11 X12
X1 0.0000
X2 0.1600 0.0000
X4 0.3512 0.1449 0.0000
X5 0.1681 0.0673 0.2529 0.0000
X6 0.2921 0.1826 0.3671 0.1353 0.0000
X7 0.2545 0.1371 0.2065 0.1495 0.6222 0.0000
X8 0.1271 0.0509 0.2512 0.1496 0.1843 0.1918 0.0000
X9 0.3457 0.0983 0.3967 0.2043 0.2605 0.3561 0.3553 0.0000
X10 0.0859 0.0360 0.1517 0.1338 0.2635 0.1588 0.1491 0.2858 0.0000
X11 0.3099 0.0725 0.2154 0.1394 0.0989 0.1001 0.2586 0.2172 0.1655 0.0000
X12 0.1257 0.0519 0.1690 0.0808 0.1179 0.1119 0.0800 0.1142 0.1819 0.4585 0.0000
Y
X12 X11 X1 X4 5X X6 X7 X9 X8
X2 X10
Figure 7. The topology of TAN corresponding to the CMI matrix shown in Table 4.
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From Figure 7, arcs X6 (knowledge)-X7 (thoughts)-X9 (enjoyment) demonstrate that the cognitive
factors (X6 (knowledge), X7 (thoughts)) affect the emotional factor (X9). For those S-students who agree
that new thoughts and knowledge come from English language learning, about 66.7% of them feel
good learning it. Considering the current English teaching scheme in China, compared to L-students,
S-students are more willing to learn words, phrases, sentence and discourse. Arc X8 (exams)-X9
(enjoyment) demonstrate that the feeling of enjoyment affects the feelings while taking an exam.
Knowledge can help students achieve a high score on the exam, and among those S-students who
agreed on enjoyment during English language learning, no students took passing the exam as their
target. The mean values of X10 (importance), X11 (corporations), X12 (degree) for S-students were
2.0968, 2.0645, 2.4677; in contrast the mean values for L-students were only 2.0313, 1.2656, 1.5625.
Obviously, S-students have stronger career or educational aspirations; thus they believe that English
language learning can help them realize their future expectations, and their emotional attitudes
positively reflect this. The percentage of S-students who thought that learning English was enjoyable
was 19.4% higher than that of L-students. From the arcs X1 − X11 − X12, X1 (Grade) impacted future
expectation factors. The percentage of S-students who had uncertain ideas about their future dropped
from 72.7% in grade 1 to 50% in grade 4, and the percentage of S-students who agreed to work or
apply for a Master or PhD degree together increased from 21.3% to 35.6%. That means students will
have clearer future expectations as they go into higher grades. Correspondingly, their positive attitude
toward English is growing stronger. For S-students, to enhance the incentive to learn English, teachers
may provide videos for imitation exercises that show scenes of people attending academic conferences
or conducting business affairs. Students would like to learn about their future lives.
4. Conclusions
Attitudes toward English language learning are influenced by many factors, including educational
background, behavior, cognition, emotion, and future expectation. The interactions between these
factors and the impact of these factors on attitude have been statistically analyzed in this paper.
This study sets out to clarify the attitudes of undergraduate students in different majors (roughly in
the Liberal Arts and Sciences) from Changchun University of Technology in China. The results of
quantitative analysis of this study measured the direct and indirect impact of emotional, behavioral,
and cognitive factors on attitudes toward English language learning in terms of MI, CMI and mean
values. Qualitative analysis based on a Bayesian network showed the implicit interactions between
these factors, and teachers can design the activities for improving learning attitude: making the
learning procedure interesting and enjoyable is the key to improving learning attitude.
To deeply analyze how the factors interact and affect learning attitude, we divided the data into
two groups in terms of major. The experimental results in this study corroborated the findings of
Wang and Zhang (2017) that [39], the importance of English language learning is well recognized by
all the participants, including both L-students and S-students. L-students’ attitudes were determined
by cognitive factors, whereas S-students’ attitudes were determined by future expectation factors.
The content of teaching materials selected by some teachers might not necessarily arouse the students’
interest. L-students demonstrated negative emotional feelings when teaching materials focused
on teaching of words and grammar but ignored the introduction of purpose, value and meaning.
In learning a language, L-students cared more about personality development during instruction; they
liked teacher-student or student-student interaction and group presentations. In contrast, S-students
cared more about the number of vocabulary, collocation, phrases and the coherence of discourse
that might help them achieve a high score on an English exam. Therefore, attitudes towards English
language learning are affected by many factors as a fundamental component. Studying the interaction
between these factors can help explain why students’ attitudes toward learning vary so greatly.
To arouse the learning interest and make students feel good, teachers may take different teaching
approaches and employ different strategies for students in different majors. English teachers can plan
specific curricula and class activities to satisfy students’ needs and improve their attitudes.
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This study provides some general discussion for clarifying the attitudes of undergraduate students
in Changchun University of Technology. Just some factors were considered for statistical analysis.
If more factors, such as family background, are taken into consideration, the topology of TAN will
correspondingly grow more complex and difficult to explain. On the other hand, this study provides a
comprehensive picture of the relationships between deciding factors toward learning attitudes in terms
of different majors. If the students can be further divided into subgroups according to gender or grade,
we can get more interesting results and that may bring greater challenges to English teachers who must
deal with this complex situation. This study highlights the value and significance of statistical analysis
in English teaching and suggests that teachers should try to cultivate students’ internal incentives.
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Appendix A
Table A1. Questionnaires about English learning attitudes for L-students.
No. Q1 Q2 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11 Q12 Attitude
1 3 M 2 1 1 1 3 2 2 1 1 O
2 3 F 1 1 1 1 3 1 2 1 1 N
3 4 F 1 1 1 1 3 1 2 1 1 N
4 3 M 1 2 2 2 2 2 2 2 2 N
5 2 M 2 1 2 2 3 1 2 1 2 P
6 1 M 1 1 2 2 3 2 2 1 3 P
7 2 M 2 1 2 2 2 1 2 2 2 O
8 1 F 2 1 3 3 2 1 2 1 2 P
9 2 F 2 2 2 2 3 2 3 1 3 P
10 2 F 1 1 1 1 2 1 1 2 1 N
11 1 F 2 1 2 2 2 1 2 1 3 P
12 2 F 2 2 3 2 3 2 3 1 3 P
13 4 F 2 1 2 1 2 2 2 1 1 N
14 2 F 1 1 1 1 3 1 1 1 1 P
15 4 F 1 1 1 1 3 1 2 1 1 N
16 4 F 1 2 2 2 2 2 2 2 2 N
17 2 F 1 2 2 2 3 2 2 1 1 P
18 2 F 2 1 2 2 2 1 3 1 1 P
19 3 F 2 2 2 2 3 3 3 1 1 O
20 3 M 1 1 1 1 2 1 2 1 1 N
21 3 M 2 1 2 2 2 1 2 1 1 N
22 3 F 2 2 3 3 3 2 3 1 3 O
23 3 F 2 1 2 2 3 2 1 2 2 N
24 3 M 1 1 1 1 3 1 2 2 2 N
25 3 F 1 1 1 1 3 1 2 1 1 N
26 4 F 1 2 2 2 2 1 2 1 1 N
27 2 F 2 1 2 2 2 1 2 1 1 O
28 4 F 2 1 2 2 2 2 2 1 3 N
29 4 F 2 1 2 2 2 1 2 1 1 O
30 2 F 2 1 2 2 2 1 2 2 2 P
31 2 F 2 2 2 2 1 2 3 2 2 P
32 3 F 1 1 1 1 2 1 1 2 1 N
33 3 M 2 1 2 2 2 1 2 1 1 P
34 3 M 2 2 2 3 1 2 3 1 3 N
35 3 F 1 1 1 1 2 1 1 1 1 N
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Table A1. Cont.
No. Q1 Q2 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11 Q12 Attitude
36 3 F 2 1 2 2 2 1 2 1 1 N
37 3 M 1 2 3 2 1 2 3 1 1 O
38 3 F 2 1 2 2 1 2 2 2 2 N
39 2 F 1 1 1 1 3 1 1 2 2 N
40 3 F 2 1 1 1 3 1 2 1 1 N
41 2 M 1 2 2 2 2 2 2 1 1 O
42 3 M 2 1 2 2 1 1 2 1 1 O
43 2 F 1 1 2 2 1 2 2 1 1 P
44 3 M 2 1 2 2 2 1 2 1 3 O
45 2 F 1 2 2 2 2 1 2 1 1 O
46 3 M 2 1 2 2 2 1 2 1 1 O
47 2 F 2 1 2 2 2 2 2 1 3 P
48 4 F 2 1 2 2 2 1 2 1 1 N
49 4 F 2 1 2 2 2 1 2 2 2 N
50 2 M 2 2 2 2 1 2 3 2 2 P
51 3 F 1 1 1 1 2 1 1 2 1 O
52 2 F 2 1 2 2 2 1 2 1 1 P
53 3 F 2 2 2 3 1 2 3 1 3 N
54 2 M 1 1 1 1 2 1 1 1 1 P
55 3 M 2 1 2 2 2 1 2 1 1 O
56 2 F 1 2 3 2 1 2 3 1 1 P
57 3 M 2 1 2 2 1 2 2 2 2 N
58 2 F 2 1 2 2 1 1 2 1 1 O
59 3 M 1 1 1 1 2 1 1 1 1 N
60 2 F 2 1 2 2 2 1 2 1 1 P
61 4 F 1 2 3 2 1 2 3 1 1 O
62 4 F 2 1 2 2 1 2 2 2 2 N
63 2 M 1 1 1 1 3 1 1 2 2 P
64 3 F 2 1 1 1 3 1 2 1 1 N
Table A2. Questionnaires about English learning attitudes for S-students.
No. Q1 Q2 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11 Q12 Attitude
1 1 M 2 1 3 2 1 1 1 3 3 N
2 1 M 1 1 1 1 3 1 1 3 3 N
3 1 F 2 1 2 1 2 1 2 3 3 N
4 3 F 3 2 2 2 1 3 3 3 1 O
5 1 F 2 1 3 3 1 3 3 1 3 P
6 2 M 2 2 2 1 1 2 3 1 3 P
7 1 M 1 1 1 1 2 1 1 3 2 N
8 1 F 2 1 2 2 2 1 2 1 3 P
9 4 F 3 2 3 3 1 3 3 1 3 P
10 1 F 2 1 2 2 1 2 1 3 3 N
11 3 F 1 1 1 1 3 1 1 3 3 N
12 1 F 1 1 2 2 2 2 2 2 2 O
13 5 M 2 1 2 2 1 2 2 2 2 O
14 4 F 2 2 2 2 2 2 2 2 2 O
15 1 M 1 1 1 1 2 2 2 2 2 O
16 2 M 2 1 1 1 2 2 2 1 3 O
17 1 F 1 1 3 2 1 2 3 3 1 O
18 3 M 2 1 2 2 1 1 3 3 1 P
19 4 F 3 2 2 2 1 3 3 1 3 P
20 1 F 1 2 2 2 2 2 2 2 2 O
21 2 M 2 1 3 3 2 3 3 2 2 O
22 1 F 1 1 3 3 1 3 3 1 3 P
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Table A2. Cont.
No. Q1 Q2 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11 Q12 Attitude
23 4 M 2 2 2 2 2 2 2 2 2 O
24 1 F 2 2 2 2 2 2 2 2 2 O
25 4 M 2 1 2 1 1 1 2 2 2 O
26 2 F 2 1 2 2 1 1 2 2 3 O
27 3 F 3 2 2 2 1 3 3 1 3 P
28 1 F 1 2 2 2 2 2 2 2 2 O
29 4 M 2 1 2 2 1 2 2 2 2 O
30 1 F 2 2 2 2 2 2 2 2 2 O
31 2 M 2 1 1 1 2 2 2 1 3 P
32 2 F 1 1 3 2 1 2 3 3 1 P
33 1 F 1 1 3 3 1 3 3 1 3 P
34 3 M 2 2 2 2 2 2 2 2 2 O
35 1 F 2 2 2 2 2 2 2 2 2 O
36 4 M 1 1 1 1 3 1 1 3 3 N
37 3 F 1 1 1 1 3 1 2 3 3 N
38 3 F 2 1 2 1 3 1 1 3 3 N
39 1 M 1 1 1 1 3 1 2 3 3 N
40 3 F 2 2 2 2 2 1 2 3 3 N
41 2 F 2 1 2 2 1 2 2 2 1 P
42 4 M 2 2 2 2 2 2 2 2 2 O
43 2 M 1 1 1 1 3 1 1 3 3 N
44 2 F 1 2 2 2 2 2 2 2 2 O
45 2 F 2 1 3 3 2 3 3 2 2 O
46 3 F 2 1 2 1 1 1 2 2 2 O
47 2 M 2 1 2 2 1 1 2 2 3 O
48 3 M 3 2 2 2 1 3 3 1 3 P
49 2 F 1 1 1 1 2 1 1 3 2 N
50 3 M 2 1 2 2 2 1 2 1 3 P
51 2 F 3 2 3 3 1 3 3 1 3 P
52 3 M 2 1 2 2 1 2 1 3 3 N
53 2 F 1 1 1 1 3 1 1 3 3 N
54 4 F 1 1 1 1 3 1 1 3 3 N
55 4 F 1 2 2 2 2 2 2 2 2 O
56 2 M 2 1 2 2 1 1 2 2 3 O
57 3 F 3 2 2 2 1 3 3 1 3 P
58 2 M 2 1 2 2 1 1 3 1 3 P
59 4 F 3 2 2 2 1 3 3 1 3 P
60 2 F 1 1 1 1 2 1 1 3 2 N
61 4 M 2 1 2 2 2 1 2 2 2 P
62 2 F 2 2 3 3 2 2 3 1 3 P
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